INTRODUCTION {#sec1-1}
============

Goldenhar syndrome (GS) or oculo-auriculo-verterbral dysplasia (OAVD), resulting from anomalous development of the first and second branchial arches, was initially reported in 1948.\[[@ref1]\] However, the syndrome is named after Dr. Maurice Goldenhar, a Swiss ophthalmologist who reported the constellation of signs in 1952.\[[@ref2]\] A broad spectrum of ocular, auricular, vertebral, cardiovascular, pulmonary, tracheoesophageal, renal, skeletal, dental, immunodeficiency and central nervous system anomalies have been reported in this syndrome.\[[@ref3]\] This report is about a child with GS of a dizygotic twin pregnancy with right circumflex aortic arch (RCAA), vascular ring, severe coarctation, bilateral renal artery stenosis and mild Dandy-Walker syndrome. As to the best of our knowledge, this combination has not previously reported. Using a digital three-dimensional model of embryonic aortic arches \[[Figure 1](#F1){ref-type="fig"}\] and considering the morphometric characteristics of the aortic arch in this case, the embryology of RCAA associated with coarctation was revisited.

CASE REPORT {#sec1-2}
===========

A 7-year-old boy was referred to our clinic for evaluation of cardiac murmur. He had speech disorder, hemifacialmicrosomia, bilateral epibulbardermolipoma, bilateral preauricular tags and triangular face. His general appearance was compatible with GS \[[Figure 2](#F2){ref-type="fig"}\]. His left arm and femoral pulses were very weak and a thrill was palpable in the suprasternal notch. A grade 3/6 ejection systolic murmur was heard at the upper right and left sternal borders with wide radiation to the back. Blood pressure was not elevated in either arm. Electrocardiogram was normal, but chest X-ray showed a concavity in the upper left border of cardiac silhouette.

The patient was admitted and elective cardiac catheterization was performed. The left-sided ascending aorta, was accessed through the right axillary artery and the right-sided descending aorta was entered through the left femoral artery. Complete right heart study was performed through a right femoral access and was normal. Left ventricular pressure was 150 mmHg and pressure of descending aorta was 85/63 mmHg. Ascending and descending aortograms in antero-posterior and lateral views demonstrated right tortuous circumflex aortic arch with hypoplasia of the distal segment and long-segment coarctation without any significant collateral arteries \[[Figure 3](#F3){ref-type="fig"} and [Video Clip 1](#SD1){ref-type="supplementary-material"}\]. There was a 70 mm Hg pressure gradient (PG) between left ventricle and ascending aorta and 20 mm Hg PG between the distal aortic arch and the post-coarctation segment of descending aorta.

Cardiac CT angiography and cardiac magnetic resonance angiography showed a vascular ring \[[Figure 4](#F4){ref-type="fig"}\] produced by the retro-esophageal segment of the right aortic arch and an aberrant hypoplastic left subclavian artery arising from the area of coarctation. Vertebral artery Doppler ultrasound study excluded subclavian steal syndrome. Patient was discussed on the Congenital Cardiovascular Interventional Study Consortium in September 2013. He was referred to surgeon for reconstruction of hypoplastic aortic arch and repair of coarctation. However, the family opted to not follow the recommendation

A simple embryologic model of paired aortic arches, including third, fourth, and sixth aortic arches, was made to explain the embryologic basis of the right circumflex aortic arch \[[Figure 5](#F5){ref-type="fig"}\].

![A digital model of the third, fourth and sixth embryonic aortic arches, made using the 3d- Max software version 2012 (Autodesk Inc.). Those parts in violet show the ventral aspect and those parts in red indicate the dorsal part](APC-7-217-g001){#F1}

![Appearance of the patient: (a) Shows hemifacialmiocrosomi and the triangular face of the patient. (b) Indicates the bilateral epibulbardermolipoma. (c) The preauricular tag of the patient](APC-7-217-g002){#F2}

![Ascending aortogram, accessed through right axillary artery, shows the malformed, tortuous right circumflex aortic arch. The aorta passes the right bronchus with a left-sided descending aorta. Note that the proximal part of the arch is two vertebral spaces higher that the distal aortic arch. This may mistakenly lead to the diagnosis of cervical aortic arch](APC-7-217-g003){#F3}

![The vascular ring produced by the retro esophageal segment of the aortic arch (A = Aorta; T = Trachea)](APC-7-217-g004){#F4}

![Lateral view on magnetic resonance imaging of the heart and aorta: The 180° acute angle of ascending aorta over itself, produces the characteristic "inverted v sign" on magnetic resonance imaging angiogram](APC-7-217-g005){#F5}

Using this model and comparing the aorta of the patient with it, the embryologic basis of the development of a right aortic circumflex aortic arch was revisited.

DISCUSSION {#sec1-3}
==========

The incidence of cardiovascular malformations in GS is reported from 5% to 58% with the tetralogy of Fallot and ventricular septal defect as the most commonly reported associated heart defects. GS occurs in about 1 in 3500 to 1:25000 live births. Sporadic, autosomal recessive and autosomal dominant cases have been reported. It has heterogeneous genetic and phenotypic features.\[[@ref3][@ref4]\] Discordant involvement has been reported in twin and triplet pregnancies with only one sibling affected.\[[@ref5][@ref6]\] GS occurs in infants of diabetic mothers. This anomaly has been diagnosed from intrauterine period to late adulthood. Although a variety of congenital heart disease has been reported in this syndrome but tetralogy of Fallot and ventricular septal defect are the most commonly cited congenital heart diseases. Coarctation and right aortic arch have repeatedly reported.\[[@ref7][@ref8]\] However, as to the best of the author\'s knowledge, right circumflex aorta associated with coarctation has not been reported before in GS.

We compared the morphologic characteristics of the right circumflex aortic arch with coarctation in this case with the normal right aortic arch. The parabolic morphology of a normal left aortic arch has advantages in terms of fluid mechanics.\[[@ref9]\] In the current case with RCAA, the length of the aortic arch is longer than normal, there are two sharp angles of approximately 180° and 90° in the proximal and distal aortic arch, respectively. The origin of left common carotid artery as the first branch of the ascending aorta, has an appearance of cactus tree \[[Figure 6](#F6){ref-type="fig"}\]. The proximal aortic arch is positioned at a higher level, relative to the distal aortic arch \[[Figure 7](#F7){ref-type="fig"}\]. This misleads the clinician to an erroneous diagnosis of a cervical aortic arch. The above-mentioned morphology enables us to suggest speculation about the embryology of RCCA. Neither the difference in the level of proximal and distal aortic arch, nor the elongated length of the transverse arch is explained by the current hypothesis on embryogenesis of RCAA alone.\[[@ref10]\] However, both can be explained if the proximal part of the arch is thought to be derived from right third aortic arch and the distal part is derived from fourth aortic arch \[[Figure 8](#F8){ref-type="fig"}\].

![Embryology of the right circumflex aortic arch in this case. (a) Shows a hypothetical embryonic arch model that consists of the third, fourth and sixth aortic arches from up to down respectively. (b) The yellow small circles indicate how a normal left aortic arch is developed. (c-e) The yellow small circles demonstrate the speculation for the development of a right circumflex aortic arch. The proximal aortic arch should arise from an arch higher (i.e. the third aortic arch) than the distal aortic arch, which seems to arise from the fourth arch. This explains both the higher position of proximal arch and the elongated length of the transverse aortic arch. (f) Shows the CT angiographic image of the aortic arch in this patient](APC-7-217-g006){#F6}

![As in many cases of the right circumflex aortic arch, left common carotid artery (LCCA) arises as the first branch of the ascending aorta (AAO) in this case. As shown above, this particular branching produces an appearance very similar to a "*cactus tree*"](APC-7-217-g007){#F7}

![A schematic model of the aorta in this case with comparison to the normal left aortic arch: This figure compares the aortic arch in this case with the normal left aortic arch. Note that normally, the aortic arch has a parabolic shape. The blue arrow shows the length of the aortic arch is longer than normal in this case](APC-7-217-g008){#F8}

Video available on [www.annalspc.com](www.annalspc.com)
=======================================================

Click here to view as Video 1
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